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1 Instroduction

In this contribution we address issue related to RMS angle spread (AS) calculation proposed in the SCM text [1]. The SCM text defines the calculation of RMS AS depend on both angle of arrival (AoA) and multi-path power for given SCM channel without consideration of the specific coordinate system is utilized. The results of RMS AS, in fact, are dependent on the coordinate system dependent, i.e., with different coordinate system the RMS AS could be different. Since the metric becomes meaningless if it is dependent on the coordinate system, this contribution suggests that the minimum RMS AS should be taken into account for meaningful RMS AS due to its unique value for given SCM channel.

It should be noted that the RMS AS for a uniform distribution of power in the azimuth plane is 104(. Consequently, this represents a maximum value for the RMS AS, and it should not be exceeded.  Also, the RMS AS for the uniform distribution is independent of the coordinate system.

2 An Example of Angle Spread

To explain the RMS AS is coordinate system dependent, we consider a general case associated with AoAs and multi-path powers (in dB) with uniform distributions 
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, respectively. A multi-path channel with six paths generated based on the above distributions, as an example, is listed in Table 2‑1.

Table 2‑1: An example of six-multi-path channel.

	
	Path-1
	Path-1
	Path-3
	Path-4
	Path-5
	Path-6

	AoA (degrees)
	26(
	49(
	110(
	220(
	290(
	320(

	Power (dB)
	-8
	-2
	0
	-11
	-16.5
	-10.5


The resulting RMS AS is calculated to be 66.94(.
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RMS AS with Shifted Coordinate System
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Figure 2‑1: RMS angle spread vs. shifted angle.

Now, if we start with Table 2‑1, keep adding some small angular increment, say 5( to AoA
, and then recalculate the RMS AS, we can show that the resulting RMS AS varies depending on how much angle is shifted for coordinate system. Figure 2‑1 shows the RMS angle spread as a function of different shifted angle corresponding to different coordinate system. We can see that the recalculated RMS AS is strongly dependent on a specific coordinate system, and it can have a significantly greater value than 104(. The minimum RMS AS is 51.79( and is unique for the given channel, it is smaller than the initial value of 66.94(. As a consequence, the meaningful RMS AS is the minimum RMS AS.

3 UppER Bound of RMS Angle Spread

As concluded in the previous section, the minimum RMS AS should be considered for RMS AS in SCM calibration [1]. Here, we give two RMS AS calculation methods for comparison:

1. Minimum RMS AS method, which always provides the minimum RMS AS for given channel by changing coordinate system.

2. Initial RMS AS method which is used to calculate RMS AS only relying on AoA and multi-path power, with zero angle coordinate system.

In this section, we investigate the up-bound of RMS AS in any cell environment, where the multi-path powers are assumed to be equal (all 0dB). Here, we further assume that AoA is uniformly distributed with 
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. The RMS ASs as illustrated in Figure 3‑1 are calculated based on both Minimum and Initial RMS AS methods.
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Comparison between minimum and Initial AS
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Figure 3‑1: CDF of RMS AS with Minimum and Initial RMS AS calculation methods.

It can be seen that the RMS AS with Minimum RMS AS method never exceeds an upper-bound of 104(, while it could be significantly large with the Initial RMS AS calculation method.

Moreover, we simulate the UE RMS composite AS in urban micro-cell environment [1] with both RMS AS calculation methods. The resulting CDFs with respect to RMS composite AS are illustrated in Figure 3‑2. The RMS composite AS with Minimum RMS AS calculation method is always under the upper bound of 104(, and less than that with Initial RMS AS calculation method. The mean of RMS composite AS is 68.15( in the former case and 71.94( in the latter case.
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Comparison between minimum and Initial AS

(Urban Micro-cell Environment at UE)
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Figure 3‑2: Composite MS RMS angle spread with Minimum and Initial RMS AS calculation methods.

4 Conclusions

We propose a RMS AS calculation method by searching minimum RMS AS in varied coordinate system. The resulting minimum RMS AS is unique and statistically stable for meaningful RMS AS in any given channel as compared to the initial RMS AS. We have verified that with the minimum RMS AS calculation, the calculated RMS AS never exceeds the RMS AS upper bound of 104(, which is lower than the RMS AS generated by initial RMS AS method.
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� If AoA after adding the small angular increment exceeds 360(, we simply subtract 360( from it so that the AoA wraps around to the beginning of the position.
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